Rat fetal livers were homogenized and incubated for up to 3 hr in Eagle's medium. Both phosphoenolpyruvate carboxykinase (PEPK) and tyrosine transaminase (TTA) activities in the high speed supernatant increased 5-fold and 10-fold, respectively, during incubation. Neither cycloheximide nor actinomycin D inhibited this rise in activity. Inasmuch as no change in activity during incubation was found in the whole homogenate, it is concluded that a redistribution of the enzyme occurs between cell fractions.
I t has been shown that during in vitro incubation of fetal rat and human liver there is a spontaneous increase in the activities of tyrosine transaminase (EC. 2.6.1.5) and phosphoenolpyruvate kinase (EC. 4.1.1.32) (7, 9, 12) . This commences 30 min after the start of incubation and continues for at least 24 hr. No other enzymes studied show this kind of change. Inasmuch as the increase over the first 2-4 hr of incubation cannot be suppressed by cycloheximide or actinomycin D, although the subsequent further rise is susceptible to inhibition by these drugs (7), we suggested that the initial increase is not due to new enzyme synthesis.
In this paper the initial rise in the activities of these two enzymes is further studied.
MATERIALS AND METHODS
sterile conditions. However, no differences were found if sterility was not strictly observed in subsequent work.
RESULTS
It was argued that because enzyme activities increase during the first 2-4 hr in incubated liver pieces and because this increase is not inhibited by inhibitors of proteosynthesis, a rise should also be observed in incubated homogenates. Figure 1 shows that both T T A and PEPK activities in the 100,000 x g for 45 min supernatant prepared from homogenates incubated for various lengths of time increase by a factor of 5-10 within 2 hr. This is not because of a change in protein concentration. During incubation the protein concentration of all fractions never changed more than by 10%.
However, if enzyme activities are determined in whole honlogenate, no changes with time of incubation are observed. These findings suggested redistribution of the enzymes within the cell fractions during incubation. Hence, activities were determined in the various fractions in fetal and postnatal livers. It is apparent from Figure 2 that age differences are more pronounced in the high speed supernatant fraction than in any other isolated part of the cell. This is particularly striking in the case of T T A . Hardly any activity is found in the high speed supernatant fraction from fetal liver. I n postnatal liver this fraction is about 50-fold more active. In contrast, the pellet obtained from this supernatant fraction contains only twice as much activity postnatally as it does prenatally. N o activities were found in the purified nuclear fraction.
It would seem then that during incubation of tissue pieces o r homogenate, enzyme is released from a cellular fraction into the high speed supernatant, in which activities are usually determined. T o test this further, liver homogenates were incubated for up to 2 hr and enzvme activities were determined in the various cell fractions at the end of incubation. Figure 3 shows that changes are most pronounced for TTA during the first 90 min of incubation. Chemicals were obtained from Sigma Chemical Co. (14) . ~u r i n g that time, activity in the high speed supernatant increases Radioactive bicarbonate (specific activity 100 KCi/mmol) from from nearly 0 to about 0.4 Kg/min/mg protein whereas in the Amersham/Searle (1 5).
pellet of the same homogenate a considerable decrease in specific Livers were collected from rat fetuses aged 19-21 days. Freshly activity is observed. Further evidence for this release of T T A collected tissue was cut into pieces and homogenized with 5 times comes from the fact that incubation of the supernatant alone for 90 its volume of Eagle's minimum essential medium with Earle's min causes no change in activity. balanced salt solution using a glass homogenizer and a Teflon
In the case of PEPK, similar changes are observed (Fig. 3 ). pestle. The homogenate was placed into plastic centrifuge tubes However, the decrease in activity of the pellet during incubation is fitted with screw caps. A mixture of 95% oxygen and 5% CO, was less pronounced than for TTA; perhaps because enzyme activity bubbled through the tubes for I min. They were then closed and becomes assayable only after release. incubated at 37' in a water bath shaker for various time periods.
Neither cycloheximide nor actinomycin D in concentrations Enzyme activities were determined in the whole homogenate, the used previously (7) inhibited the rise in enzyme activity in the sunuclear fraction, the mitochondria1 fraction (10,000 x g for 15 pernatant fraction after incubation of the whole rat liver homogemin), and the 100,000 x g for 60 min supernatant and pellet. The nate. Incubation of the homogenate for 19 hr resulted in a slight nuclear fraction was purified on a sucrose gradient according to decrease in T T A activity in the supernatant, whereas PEPK the method of Maggio et al. (8) . The purity of the fractions was activity disappeared completely (Fig. 4) . This change was not assessed microscopically and T T A and PEPK were assayed as affected by addition of glucagon (5 x M ) or cycloheximide at described previously (7) . Initially experiments were done under the start of incubation. 'Enzyme activities were determined in the high speed supernatant of homogenate; M: mitochondria1 fraction; P: pellet from 100,000 x g spin; liver homogenates at the start of the experiment and after 90 min of S: supernatant from 100,000 x g spin. Each point is the mean of eight incubation of the whole homogenate at 37". Means + SE; number of samples + S E (vertical bars). The M and P fractions were suspended in the experiments in parentheses. TTA: tyrosine transaminase; PEPK: Phosphosame amount of buffer as was used for the first homogenization. enolpyruvate carboxykinase. that, under our conditions, the cell has to be intact for new enzyme synthesis to occur, since even after 19 hr of incubation of the homogenate, no increase in activities was observed. In fact PEPK activity disappeared completely. In contrast, incubation of liver pieces for 19 hr resulted in new enzyme synthesis, since the rise in activity could be blocked with actinomycin D (I). Furthermore, the incubation of the high speed supernatant alone revealed that neither enzyme is activated in vitro. Our data indicate that the most probable explanation for the rise of both enzyme activities during short term incubation of fetal rat liver is a redistribution of preformed enzyme, which presumably exists in a "nascent" form bound to polysomes (microsomes) and is released into the cytoplasm under appropriate conditions. This has been shown to be the case for neonatal TTA in rat liver (2), but also for fetal rat liver (7) . It has been well established that de novo svnthesis of both enzymes occurs both in vitro and in vivo in response to hormones (12) and parturition (4, 13) . It has also been shown that the rate of PEPK breakdown is considerably reduced during periods of rapid enzyme synthesis (6) .
Our data lead us to suggest that the initial rapid increase in PEPK and TTA activities in fetal livers in vitro is due to a release of preformed enzyme which is then followed by de novo synthesis. It is attractive to speculate that at birth a similar sequence of events occurs, i.e., enzyme release followed by new enzyme synthesis. When fetal rat liver is placed into the incubation medium, the level of cyclic A M P in the tissue rises rapidly (3). Similarly, after delivery, the cyclic A M P concentration in rat liver rises (10) . Since cyclic A M P is known to lead to increased phosphorylation of ribosomes (I), this may lead to release of specific enzymes into the cytoplasm, thus making more ribosomes available for mRNA. It is possible that the changed mRNA concentration in the cytoplasm or nucleus is then the actual stimulus for further enzyme synthesis.
It should also be mentioned that TTA can be released from microsomes not only by cyclic A M P but also by fatty acids and acyl-CoA (7).
S U M M A R Y
Incubation of fetal rat liver homogenates at 37' for 2-3 hr increased PEPK activity in the 100,000 x g supernatant 5-fold and TTA activity 10-fold. At the same time, activity in the 100,000 x g pellet decreased and no change was observed in the whole homogenate. It is concluded that during incubation of fetal liver pieces or homogenates in vitro, a redistribution of enzymes occurs between cell particles and cell sap. It is suggested that release of enzyme into the cell sap may be the first stimulus for subsequent enzyme synthesis which occurs after birth.
